Aims: To compare the pathological stage and surgical margin status in patients undergoing either immediate radical prostatectomy or 12 and 24 weeks of neoadjuvant hormonal treatment (NHT) in a prospective, randomised study. Methods: Whole mount sections of 393 radical prostatectomy specimens were evaluated: 128 patients had immediate surgery, 143 were treated for 12 weeks and 122 for 24 weeks with complete androgen blockade. Results: Histopathology revealed organ confined tumours in 40.4% of patients with clinical stage B disease in the immediate surgery group, whereas 12 and 24 weeks of NHT increased the number of organ confined tumours to 54.6% and 64.8%, respectively. Among patients with clinical stage C tumours, pathological staging found organ confined disease in 10.4%, 31.4%, and 61.2% in the immediate surgery, 12 weeks of NHT, and 24 weeks of NHT groups, respectively. Preoperative NHT caused a significant decrease in positive margins both in patients with clinical stage B and C disease. The extent of margin involvement was not influenced by preoperative treatment. Conclusions: Neoadjuvant androgenic suppression is effective in reducing both the pathological stage and the positive margin rate in patients with stage B and C prostatic cancer undergoing radical surgery. Some beneficial effects are evident in those patients treated for 24 weeks, and it is reasonable to assume that the optimal duration of NHT is longer than three months.
N eoadjuvant hormonal treatment (NHT) for clinically localised prostatic carcinoma consists of complete androgen blockade preceding either radiotherapy or surgery. The rationale for this approach is based on the assumption that a volume reduction of both the tumour and normal prostatic tissue, and cancer regression by the mechanism of apoptosis, facilitate further treatment. 1 "The optimal duration of preoperative androgen suppression has not been determined yet"
Most randomised clinical trials show that NHT reduces the incidence of positive surgical margins after radical prostatectomy and apparently determines tumour downstaging, but it is too soon for survival data to reveal whether these pathological benefits improve the longterm results of surgery. [2] [3] [4] [5] [6] [7] [8] For the time being, no advantage has been documented in terms of biochemical disease progression (for example, time to prostate specific antigen (PSA) increase) between treated and untreated patients. 2 4 7 9 10 Because of the relatively low biological aggressiveness of prostatic carcinoma many patients will need to be followed for a considerable time before drawing significant conclusions on the effects of NHT on survival.
The optimal duration of preoperative androgen suppression has not been determined yet because ultrasensitive PSA assays demonstrate a continuing decline of this marker even after eight months of treatment, and patients receiving NHT for a longer time demonstrate a further reduction of positive margin incidence compared with those treated for three months. 11 Here, we present the final pathological data of a controlled multicentre trial designed to investigate the differences in outcome of radical retropubic prostatectomy in patients with clinically localised prostate cancer treated with immediate surgery or with 12 and 24 weeks of NHT before surgery.
MATERIALS AND METHODS

Trial outlines of the Italian PROSIT study
The PROSIT study (study number 7054IT/0001) is a multicentric, phase III trial comparing immediate radical prostatectomy (RP) with RP after total androgen ablation in patients with surgically resectable clinical stage B or C (T2-T3, N0, M0) prostatic carcinoma. It is an open label, prospective, randomised study assigning patients in a 1 : 1 : 1 ratio to one of the following three treatment arms before RP: (1) no hormonal treatment before surgery; (2) "Zoladex" depot 3.5 mg subcutaneously every 28 days plus "Casodex" 50 mg/day orally for 12 weeks (three months); and (3) "Zoladex" depot 3.5 mg subcutaneously every 28 days plus "Casodex" 50 mg/day orally for 24 weeks (six months). "Zoladex" (goserelin acetate; luteinising hormone releasing hormone analogue) and "Casodex" (bicalutamide; antiandrogen) are trademarks of AstraZeneca Ltd.
The primary objective of our study was to evaluate whether NHT with "Casodex" and "Zoladex" for 12 or 24 weeks before RP and bilateral pelvic node dissection in patients with clinical stage B or C increases the time to serum PSA progression.
PSA progression is defined as an increase in PSA concentration of at least 1 ng/ml above the postoperative value (measured at eight weeks) in two subsequent measurements.
The secondary objectives comprise the evaluation of whether NHT influences local tumour stage and resection margin involvement, increases time to clinical progression, and increases overall survival and/or disease specific survival. Clinical progression is defined by the appearance of local relapse and/or one or more distant metastases, as shown by imaging procedures. Full details of the study have been published previously, 12 and can be obtained from the study coordinators (Professor F Pagano, Padova; Professor A Bono, Varese, Italy).
The data on PSA and disease progression are not yet complete at the time of writing this paper. The present final pathology report deals with two of the secondary objectivesthat is, the influence of NHT on local tumour stage and resection margin involvement.
Patients and methods of analysis
Between January 1996 and July 2000, 431 men with prostate cancer were enrolled. Three hundred and ninety three of these 431 patients underwent radical prostatectomy and bilateral pelvic node dissection in the 24 centres participating in the Italian PROSIT study. The differences between the numbers of enrolled men and the numbers of RP specimens, in addition to the small difference in the three treatment arms (see below), result from the fact that 24 of the 431 patients did not undergo surgical treatment, and 14 did not comply with the protocol and therefore were excluded. Whole mount sectioning of the complete RP specimens was adopted in each centre for accurately evaluating the pathological stage of prostate cancer and resection limit status.
The prostatectomy specimens (prostate and seminal vesicles) were covered with India ink and fixed for 48 hours in neutral buffered formalin (4%). After fixation, the distal (apical) portion, the proximal (basal) portion, and the seminal vesicles were removed and submitted for histological examination. The prostate was then step sectioned at 4 mm intervals perpendicular to the long axis (apical-basal) of the gland; the surgical specimens required four to seven cross sections to be sectioned entirely. Each cross section was dehydrated in graded alcohols, cleared in xylene, embedded in paraffin wax, and examined histologically as a whole mount 5 µm thick section. All the sections, stained with haematoxylin and eosin, were examined by light microscopy to assess the pathological stage and resection limit status.
In the untreated group, the Gleason score was calculated; in the treated groups, the degree of cancer regression was evaluated and graded as poor, good, and excellent.
Pathological staging of prostate cancer was defined according to the Whitmore-Jewett system. This is because the original protocol for this trial was designed several years ago when the Whitmore-Jewett system was still popular among urologists and pathologists and the TNM system was not considered the international standard. Conversion from the Whitmore-Jewett system to the TNM system is easily achieved and is as follows: B1 (cancer is confined within the capsule and involves one lobe; TNM, 1997 revision: pT2a); B2 (cancer is confined within the capsule and involves both lobes; pT2b); C1 (cancer with extracapsular extension; pT3a); C2 (seminal vesicle invasion; pT3b); D1 (metastasis in the regional lymph nodes; pN1). For the purpose of our study B1 and B2 were considered as a single staging category (that is, B).
The presence of cancer at the inked margin of resection in an RP specimen was defined as a positive surgical margin. The extent of a positive margin was classified as focal or extensive. A focal margin was defined as a margin present in only one step section and involving one gland in that section; involvement greater than this was classified as an extensive positive margin. The locations of the positive surgical margins were classified and recorded as apical, prostate body, and prostate base.
By the end of July 2000, the haematoxylin and eosin stained sections of 393 RP specimens were received and evaluated by the reviewing pathologist (RM). The present investigation was based on these 393 cases. Statistical analysis was performed using the χ 2 test.
RESULTS
One hundred and twenty eight of the 393 patients were not treated with total androgen ablation before RP was performed, whereas 143 and 122 were treated for 12 and 24 weeks, respectively. Two hundred and ninety eight patients were clinical stage B, whereas 95 were clinical stage C. The three groups were comparable with regard to patient age and serum PSA. In particular, the mean age and range were as follows: untreated group, 65.72 years (range, 52-76); three month androgen ablation, 65.43 years (range, 49-76); six moth androgen ablation, 66.16 years (51-76). The median PSA (ng/ ml) at the time of enrolment was: untreated group, 10.20; three month androgen ablation, 10.15; six month androgen ablation, 10.0 (table 1) . Morphologically, most of the biopsy specimens from the treated and untreated groups were Gleason score 6 or higher; the percentages at each grade, for all the three groups, were similar. In the untreated group, there was agreement of the Gleason score between the biopsy and surgical specimen in 88 of 128 cases (68.8%); in 39 of the 40 discordant cases there was a downgrading in the biopsy specimen (table 2) . The treated tumours with pretreatment cribriform and solid/trabecular patterns (primary Gleason grade 4 and 5) showed nuclear and cytoplasmic changes, which appeared less pronounced than in the acinar pattern (primary Gleason grade 1 to 3). The hallmark of all the untreated adenocarcinomas was that the tumour nuclei were frequently multinucleolated, the nucleoli being prominent, marginated, and with a perinuclear halo. In the treated cases, the nucleoli became inconspicuous, without margination, and had a decreased mean diameter. After complete androgen blockade the degree of cancer regression was expressed as poor or no regression, good (that is, moderate), and excellent (that is, pronounced) because the use of the Gleason grading system is not recommended in this condition. This three grade system corresponds to the histopathological regression scheme proposed by Dhom and Degro. 13 The degree of cancer regression was slightly better after 24 weeks of treatment than after 12, but the differences were not significant. In both the 12 and 24 weeks of treatment groups, the degree of regression improved as the Gleason score became lower (tables 3 and 4). Tables 5 and 6 show the results of the evaluation of the pathological stage and resection margin status in the untreated and treated patients with clinical stage B.
After 12 weeks of total androgen ablation there was a higher prevalence of pathological stage B among patients with clinical B tumours, when compared with untreated patients (54.6% in treated patients v 40.4% in untreated), although the difference was not significant. The percentage of cancers with negative margins was significantly greater in patients treated with 12 weeks of NHT than those treated with immediate surgery only (74.1% v 53.5%; p = 0.003). Moreover, considering the cancers with positive margins, the percentage of cases with focal involvement was higher in those patients treated for 12 weeks than in untreated ones (53.6% v 46.0%), although the difference was not significant.
After 24 weeks of treatment, when compared with the immediate surgery group, the proportions of patients with pathological stage B (64.8% v 40.4%; p = 0.009), negative margins (81.3% v 53.5%; p < 0.001), and focal involvement of margins (70.6% v 46.0%; χ 2 : not significant) were greater and they were also greater than was seen after 12 weeks of treatment (see previous paragraph).
In this group (patients with clinical stage B), NHT did not affect the incidence of seminal vesicle invasion (stage C2) and of involvement of the pelvic lymph nodes (stage D1). Tables 7 and 8 show the results of the pathological evaluation of the whole mount sections in the untreated and treated patients with clinical stage C. For clinical C tumours, the prevalence of pathological stage B and of negative margins in the patients treated for either 12 or 24 weeks was similar to that observed in the clinical B tumours when compared with the untreated group (pathological stage B, 31.4% and 61.2% v 10.4%; p = 0.001). Also in this group, significant pathological downstaging was reached only after 24 weeks of treatment, and there was a significant difference between the longterm and the short-term treatment arms. Negative margins were 65.7% and 64.5% v 24.1%, respectively (p = 0.001). The proportion of cases with focal involvement of the margins was similar in patients treated for 12 and 24 weeks. In addition, for clinical stage C patients NHT did not alter the incidence of seminal vesicle invasion (stage C2), whereas there was a reduced incidence of patients with nodal invasion (stage D1), which was proportional to the duration of treatment.
In most patients prostate cancer originated in the peripheral zone. The most frequent location of the positive resection margins was either in the apex or the body of the prostate.
DISCUSSION
The morphological evaluation of 393 completely sampled RP specimens shows that NHT before surgery causes relevant cytological and architectural changes. This is in agreement with the information given in Montironi and Schulman's paper on androgen manipulation and prostate cancer morphology. 1 The results of the present analyses are also in agreement with the observations made in the study by Srougi et al, 14 where the relation between the biopsy Gleason score and the tissue response to NHT was documented.
There is conflicting evidence regarding pathological downstaging, with some studies suggesting benefit and others no benefit of androgen manipulation before RP (see Montironi and Schulman 1 for a review on this topic). The problem might be related to incomplete sampling of the prostates and difficulties associated with the pathological interpretation of the morphological changes. Interestingly, in the European multicentre, prospective randomised study, where the whole mount sectioning technique has been adopted, pT2 tumours were significantly more common in the NHT group (48% v 24%; p < 0.01).
14 This seems to indicate that downstaging of clinical T2 tumours does occur with neoadjuvant treatment. In contrast, for clinical T3 tumours there was no significant difference between both groups with respect to the final pathological stage. 15 Trachtenberg 16 also pointed out that in most recent series there was no significant downstaging in patients with clinical T3 disease. These data support the concept that tumour cells massively invading the periprostatic tissue or the seminal vesicles do not "return" to the prostate after hormonal treatment.
In our current study, a significant pathological downstaging was found both for clinical stage B and stage C tumours. For patients with clinically organ confined tumours (stage B), NHT with Goserelin and Bicalutamide was able to "downstage" the primary tumour after a three month treatment period and a longer treatment period increased the concordance between the clinical stage and the pathological stage. In particular, in the group of patients who underwent immediate surgery, only 40.4% of the clinical stage B tumours remained in the same stage after pathological evaluation, whereas NHT for 12 and 24 weeks increased the number of organ confined tumours to 54.6% and 64.8%, respectively (p = 0.041). Similarly, in clinical stage C tumours, the morphological evaluation revealed a pathological stage B in 10.4% in the immediate surgery group, which increased to 31.4% and 61.2% after 12 and 24 weeks of androgen suppression, respectively (p = 0.001).
Maximum downstaging-that is, induction of the complete disappearance of all neoplastic cells and the consequent complete absence of residual cancer in the specimen-has been observed anecdotally. However, systematic step sectioning of the specimen and immunohistochemistry have shown the presence of residual focal prostate cancer in specimens staged as pT0. 1 17 Maximum downstaging was not seen in our study.
"Our present study is the first randomised series to demonstrate a clear advantage on margin status in stage C tumours as a result of neoadjuvant hormonal treatment in a population of statistically adequate size"
A positive surgical margin is defined as the presence of cancer at the inked margin of resection in an RP specimen. It indicates that cancer has not been completely excised. Positive margins may occur even in the absence of evident extracapsular disease. Paulson 18 reported that the status of the surgical margins was the most important prognostic feature in patients treated with RP. The least controversial aspect of neoadjuvant therapy is its impact on surgical margins. 19 Most series, whether prospective and controlled or not, and whatever the type of hormonal deprivation, have shown that neoadjuvant therapy in clinical T2 tumours was associated with a 20-25% decrease in positive margins in RP specimens. 20 As an example, in the Memorial Sloan-Kettering Cancer Center study, the percentage of organ confined cancers in patients treated with immediate surgery was 49%, whereas it was 77% in patients given neoadjuvant treatment. 21 In patients with clinical T3 tumours, the effects of neoadjuvant treatment on positive margins are less clear. Although it is generally agreed that NHT has a positive influence on margin status in clinically organ confined tumours (stages T1c-T2 or B), only two randomised studies analysed patients presenting with stage C (T3) prostatic carcinoma. Witjes and colleagues 2 evaluated the effects of three months of administration of Goserelin and Flutamide without documenting a significant decrease of positive margins compared with immediate surgery (59% v 43%; p = 0.14). In a similar study, Van Poppel et al, 8 who gave Estramustine to 55 patients with clinical stage C tumours, found no significant reduction of positive margins (44% v 41.3%).
Our present study confirms the effect of NHT on surgical margin status. For patients with clinical stage B tumours the number of cases with negative surgical margins was significantly greater after 12 and 24 weeks of NHT compared with the immediate surgery group (p < 0.001). The extent of positive margins (focal versus extensive) did not seem to be influenced by androgen suppression, although there was a trend for a higher incidence of focally positive margins in treated patients. NHT also increased the number of cases with negative margins in patients with clinical stage C tumours, when compared with the immediate surgery group (p = 0.001), and no benefit was seen after a longer treatment period. Also in this group, the extent of positive margins was not greatly influenced by androgen suppression.
Our present study is the first randomised series to demonstrate a clear advantage on margin status in stage C tumours as a result of NHT in a population of statistically adequate size. It is also the first to compare immediate surgery with two different durations of androgen suppression, including a sizeable group of patients treated for 24 weeks. The pathological effects of longterm treatment have been investigated in a randomised study by Gleave et al, 22 who compared the effects of three versus eight months of NHT on various clinical and pathological parameters, but a group of controls undergoing immediate surgery was not included. In a population of clinically organ confined tumours (T1c-T2) a significant reduction of positive margins was found for the longer treatment arm (12% v 36%; p = 0.0106). Our present study confirms such findings mainly for stage B tumours following 24 weeks of NHT.
In conclusion, our data show that systemic hormonal treatment is able to "downstage" the primary tumour and decrease the positive margin rate before definitive localised treatment; that is, NHT can kill sufficient numbers of cells so that the tumour has regressed completely, or involuted into the gland. This is in agreement with a much smaller study (40 versus our 393 patients) published by van der Kwast et al, 23 in which the effect on prostate cancer of three versus six months of endocrine treatment was evaluated. The clinical relevance of these advantages has yet to be confirmed because up to now the analysis of time to PSA progression has not revealed significant differences between treatment groups. This is because the follow up period after surgery is still too short-no more than two years. 
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